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the' Seasoning Properties of Determa (^Ocöteä rubra MezO 

Technical Report No* 5 
by 

Fr-ed E. Dickinson 

This, study is one of a series undertäl^n as part of a continuing 

investigation of the properties of tropical woods. The investigation is 

/I Part c-f the ba'sic data on which this report is based was- collected by 
•Dean- B* Chandler and M-Itöhell R(, 'Samborski in special studies äs «partial 
fulfillment for the req.ilr.ement for the M. "F-. degree .gi~ the .School of 
Forestry^ Yale University, 

being conducted at the Yale School of Forestry and is sponsored by the | 

Office of Naval Reö&a.rch>. Department of the Nävy, under; Contract N6ori~-44> ) 

Task Order XV (Project DesignsLiion Jräte033&4D2Q) • TAB sco^e of the, coi^iete 
-       - — jz 

<i 

research program is indicated in Properties, and Uses of Troyical. Woods;-, I | 

published in TROPICAL WOODS 95 £«Jüße 1, 1949):* I] 

Determa which' is closely related to :.Gr-e#hheart (Öcoteä Rodiäei) is =ij 

a. wood possessing characteristics which- make it suitable for numerous uses 

.including- furniture and cabinet manufacture, interior and exterior trim, and 

tank stock, l>:hile slightly le^ss dense- than Yellow Birch (specific gravity 

of 0.62 based on= öven-=dry volume compared with 0.66 for Yellow ©i-rch) it is 

equal to or better than it in all mechanical strength .properties, other than 

shock resistance, hardness, and shear. Shrinkage is moderate for a. wood . 

of__its density class,. As shown in-'the -accompanying: tabulation, the material 

from Surinam has a. lower tangential and Volumetric shrinkage than that from 

 fOZ'. 
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.iSui'inkage (pergent) 
Species ..and Source ... „    Radial TanßGt-tä al .. 1: >ri'£it:iMirial~." " 7.Volumetric 

D'eteriäar-^ 
(-Ocotea rubra) (-• 
Surinam, " 4.0, 7,7 0*30 11.6 

Lauro- ?ermelho^~ - 

Brazil 4.0 10 .Q ~~* 15,, 9 

Yellow Birch^ 
(Betula lutea) 
United -sütes-        7.2 9.-2 16.7 

£L   Tropical -Woods 95- (;4.) 
72 Brotero. Mid Vieira (3.) 
21 Ü-» S.. JÜept, Ägr. Tech. Bui, 

J&n order .t.o gain information on the seasoning. ;c;hara-Gte/ris:tip,s of this: .._ 

-species several Ipts of material were air seasoned, and kiln dried. IT* 

addition studies were' made of the tfiov.ement of moisture in the wood, äs moisture 

absorption studies ("2) had shown a very low rate of absorption by the heart•, 

wood, indicating a low moisture diffusion rate. 

Mr Seasoning of/Determa 

Both -5-A-i-nch- boards and: 2 1/2 fe^ 2 l/2~inch squares; 4 feet long, .from 

three 8-foot. logs, of Determa from Surinam w^re- air seasoned in a well 

ventilated storage- s:hed;„ The material was piled on foundations which provided 

:ior adequate ventilation- under the piles.. All riles were 4 feet wide and 

Mit over 4 feet in height. Dry stickers J'k  inch, thick -by 1 inch, wide spaced 

every foot were used, Adjacent boards and squares, were kept, approximately _ 

3/4 incfr-apart to insure- vertical circulation through t'he pile. All ifiateriäl 

,was -end coated with filled hardened gloss pi!* 

No- particular problems were -encountered in the air seasoning- of' this 

material. The -squares' developed a slight amount of •oto^.k while the 5/4-inch 

boards s'howed slight cup and crook«, B'o.th end and .surface checking were 

noticeable in a small percentage of the pieces. 
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The moisture content of the stock at the time of piling in 'April 

rangei from 67 to: 6?' pereent» Approximately six to/ eight months were' 

required* to dry the stock down to an average moisutre content of 16= percent*, 

fche longer time being, required for' the -squares. At the end of the drying, 

period the moisture content at the center of the: squares was still abov,e 

the. fiber saturation point indicating the need for a considerable, longer 

drying' period for thick stock if ä relatively uniform moisture content 

below 20 percent is desired» 

^jj^Dr2in^jp_f^De^:6r.gia. 

The problem of arriving at a schedule suitable, for the drying of 

this wood is accentuated by the very slow rate o~f moisture diffusion and 

the marked tendency for collapse wheu. attempts, are made to materially 

increase the diffusion ratgi 

Figure 1 illustrates the moisture gradient pattern of 1-rinch. stock 

during a severfeweek drying period under controlled conditions. Weekly..? a 

cross-?-section was cut from the drying material and in turn sawn into seven 

strips' so. as to determine the moisture content pattern from surface to sur-r 

face. The moisture contents of the paired zones have been, averaged for 

each week, and thus fi-gUre 1 s.hows tjho moisture gradient for only one half 

the thickness of the piece,« Examination of' the chart indicates that during- 

the first three weeks approximately eh£y the outer •pnG-«so-venth of the eross~ 

section was below the fiber saturation point, I-t was not until the sixth 

week that the .entire crps&-section was' below the fiber saturation .point 

even though tne material, had been 'süiSje^ted *o= an. equilibrium moisture con— 

tent co.ndition of ten percent .and less from the, middle öf the second week 

until the' end of the drying period.» -— •  " 

Figure 2 shows the moisture content of the zones at Weekly intervals 

in relation to the drying -SÄhe-duOLe* Here again is illustrated the slow 

""!.;<' 



FIG. I 

ZONES    ZONES    ZONES    ZONE 
I 8.7 28,6 3 8.5 4 

G RO S S - S EG TI ON A-L     Z ON E S 

WEEKLY     MOISTURE    GRADIENTS   IN 
A     I - BY     lO^SNGH    fLAt-SAWlD 
DETERMA    BOARD    DURING     *U L N 
DRYJNG. 
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rate of moisture passage from the interior to the surface. The pattern is 

somewhat similar to that for 2~ineh Red Gum1 (Liquidamber styr.asiflua) heart- 

wood as determined by the Ü. Si Foreit Jükoducts Laboratory (l)* Considering 

that -part of the cross~sectipn of the Red Gum one-rhalf inch in from the 

surface which would be equivalent to the center of the l~inch stock used 

in this study, the moisture content of the Gum had fallen bpiow the fiber 

saturation point after approximately 30 days while the moisture content at 

the center of the Determa, stock did hot fall below this point until after 

approsdimately 40 days. In addition, the drying of a section onedhalf inch 

in from the surface in 2-4ricn stock would be undoubtedly somewhat slower 

than; the drying of the center of l^irich stocks A part of the difference 

between the drying rate= of the two species can be accounted for by the use 

of a more extreme schedule with the Guia which would produce ä faster rate 

pf diffusion, 135 degrees Fahr. &a& <*n .equilibrium jopisture content ccjidi-'- 

tion of i 1/2: percent and less for all but the f irat. 6 days of the drying; 

period. A temperature this high is impossible to Use with freshly sawn 

Determa stock because of the danger of collapse» 

While, the equilibrium moisture content of Gcotea riibra wars: not 

determined at ^ärioüs conditions; of temperature and relative humidity, it 

was found that when conditions in the dry kiln were set at 9 ;p|r.cent eqülli'? 

brium= moisture content^ based on AmBriean woods, Bfetcr|nä attained- ä moisture 

content several percent lower. 

Four =kiln runs Were: made in a small experimental. Mlri, plate 1, 

to determine the. maximum temperature and minimum humidity conditions which) 

could be  safely used; with this species. Using the information gained, .a 

,pii6,t kiln run using 100 board feet of material was made in a kiln, capable 

of being, charged with pieces sejven. feet in. lengthy plate 2. This las<;. run 

c- * 

~ir 
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gave a better idea of how the material would react in a commercial kiln. 

A rate- of air circulation of 300 feet, per minute was -used ;iri- all runs, 

In arriving at a drying schedule recognition must be given to the 

stresses wh\?ch exist in the wood during the drying iperiod» In the first 

stage .of drying "the surface of the wood dries rapidly and starts to shrink 

as the moisture content falls below the fiber saturation point. This shrink« 

age is opposed by the wet and non^shrinking center" of the piece and thus 

the surface exerts a tensile, -force' and is said to be In tension.. It. is _ 

at this time that surface checking will occur if top- high temperatures 

and too low humidities; are iis.ed> causing a stress greater than the strength 

of wood in tension across the grain». Quce '-ehe. surface of the wood has 

safely- pajls;gd. this danger point and the inner portions 'ape beginning to- 

dryj  the danger of internal checking -gv  honeycombing must be guarded against; 

Here: temperature rather than relative 'humidity is the. important factor- as 

some woods are greatly weakened in compression and tension across the grain 

when subjected tö high temperatures when green» 

l<ri -addition to surface checking and honey c.ombihg Dfterma is ojiite 

:prpne to., collapse during kiln drying. It vas."found that thais. defect, could 

be largely eldanina-ted bj  the use ef ä low drj; bulb- temperature -until the 

moisture content .at the' center of the stock, fead dr.ap^.ed to- 10 to 15 percent 

Initial and Intermediate Drying Conditions: 

/All. the D.eterma, used ih the experiment -had a moisture content .at 

the start of the »drying, period in excess of 90 percent, some of it being 

as high- as. 114 percent which is about the magamum that CQUM he -expected 

for ä wood <of this specific ;gravity.c 

Three combinations of" Initial temperature arid relative humidity 

I- 
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conditions were used, namely 160 degrees Kafir, and 90 percent,.. 1:40 degrees 

and 87 percent,, and 120 degrees and <8$. percent* file first condition resulted 

In severe end and .surface checking, severe cupping., and extreme honeycombing 

arid coi'lapse.; No- surface, checking but severe and checking., every though an 

end coating, material was used, and severe collapse; resulted when the second 

.pair of conditions were used. Several runs- were made using the third >set 

of conditions with; np checking' or collapse ^occurring. Defects resulting 

from the use M too severe drying conditions are shown in. plate %• 

The duration of these initial conditions is important as> it is 

desirable to drop the relative humidity and raise: the, temperature- as soon 

as possible iu order to decrease the drying time througn increasing the 

rate- of moisture diffusion* Sy keeping the temperature at 120 degrees it 

-was 'found: safe to lower the relative humidity to 62 percent- after seven 

..days', with; another drop to 3-6. percent on the fourteenth day of drying* Care 

must be exercised In raising the temperature*. In one. run when the average 

moisture .content of the stock had dropped to 52 percent,, the temperature' 

was raised from 120 to 13Ö' degrees :fahr. and the relative humidity increased 

.from 36 to 38- percent*, Within ä short time after the temperature increase 

all. the board's showed noticeable sighs, of collapse. "However, It was: found 

possible to Increase the temperature to 1|0 degrees when the moisture cbn- 

thet of the center of the stack reached 4Q:- percent. 

Final -DryIffo ~%MItlöhs;'      "~    ^ " 

•During this final period the. -drying should be accelerated as much 

as possible... This can be. accomplished by using the. 'maximum temperature and 

the minimum relative, humidity conditions commensurate with ,sa£ e drying of 

the stock.. With De-terma it wac- found, thjat .a -dry bulb temperature of -170 

degrees -could be »used- -whea the center of £he .boards had reached 30 percent 

without damaging, the material,. !iThe only practical limitation on relative; 



;huiftiaity is on© that, will bring the luraber to the desired moisture consent.. 

Equalization and ..Conditioning 

At the- end, of the run the various 'boards in the kiln charge will 

rarely be at the same moisture content. Thus^ it is necessary tö so adjust 

the relative humidity as- to prevent further drying of the dryer stock biit- 

ailpw continuation of the drying of the greener materiäli. Once, all the 

lumper has attained approximately the. same moisture content, conditioning 

or relief of casehardening stresses can be begun. 

This, final step ia very essential as Determä cäsehärdens severely 

•during drying;) see plate 3, The conditioning treatment ;cp.nsists at rais- 

ing the moisture content of the surface of the stock until it equals or is 

slightly •higher :t.hari. the moisfcA^e content at. the core. With .D.eterma this 

treatment- should las- for 36 to 48 hours ät an equilibrium moisture content 

iepnditipr< 2 .^rpent above the'moisture content, at the core. 

Suggest ed_.Kilh Drying Schedule 

As. a. result of the several kiln runs, the following, schedule is 

suggested, for the drying, of Dctcrää;.. Figure 3 is- a graphic portrayal of 

the s.che.dule. 

Stage J3ry Bulb... Wot Bulb Relative Duration 
temperature:: . Temperature Humidity... - 

^F^hrV5 - ' """ "--Eäfifc •percent" •'" '.-- "   ' " '• 

1. ; 120- 115 £5 168 .hours. 
2* 12.0 106 •62 16*8 hours '\   - 

- - -- - - -5äa . ." .. - -—Q.Q  
V 2 — - Until the; -cen'tey- 

ef stock reaches 
40= percent moisture 
content* 

*   \ 

1  J 
^ -i 

4. 150 120< i& -Until center of. }  • 

"   "" • y 
stock reaches 30 
percent moisture 
aörvterit«. 

i 

5. 170 140 45 Üntdl majority öf 
the stock reaches 

°l 

desired average 

 i n. 
!mpisture content. VA 

?. 

EMÜ?li-2ä;t-ion at 170 And necessary relative humidity until 
all boards- have approximately the) same moisture content, 
epnditionihg at 170- degrees at an EV^C» condition 2 percent 
above moisture content atT center of stock for 36 to 48 hours. 

.•>_-"--ji._--.. 
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Application of Schedule 

This schedule; is designed primarily for i-ineh stock but sho.uld be; 

suitable for stock 4ip to 2 inches in thickness. 

For adjS-dry.material, if the moisture content at the core is '41 percent 

ör above> kiln, drying should be started at stage 2j if the core moisture 

content is between 30 and .41 percent* stage 33 and •£<??- ä core moisture 

content of 3Q percerit a*id ;Miow, stage 4* 

Cohclusi6ns; 

!• Determa presents certain problema in drying due to the slow rate of 

diffusion of moisture through the wood- and the development of collapse 

if the diffusion rate of free moisture is greatly accelerated, 

2, Determa can be successfully air seasoned« £>ix to eight months ,-a-fee. 

required for i-inch green stock when piled during the forepart of the 

year. 

3» By the use of a mild kiln schedule xn the first fart of the ruri> green 

Determa can be successfully kiln dried». For stock having a moisture 

Content above 90 percent,, drying time will be approximately 6 to 7 weeks. 
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Plate 1 experimental Min used iri the preliminary runs, 
charge consists of 4 boards 16 inches long.. 
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Plate 2.   View of the interior of the pilot kiln with ä load of 
Determa lumber.   Spaces in the center of the;load were 
occupied by sample boards during the run.. 
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Plate 3.   Seasoning defects   occurring in Determä luiribgr,;   A, stress 
section showing easeharderiing developed during Mln dryingi 
B, Q., and D, collapse, honeycombing, and surface checking 
resulting from too severe drying conditions. 
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